The gunmetal mouse reveals Rab geranylgeranyl transferase to be the major molecular target of phosphonocarboxylate analogues of bisphosphonates.
The described ability of phosphonocarboxylate analogues of bisphosphonates (BPs) to inhibit Rab geranylgeranyl transferase (RGGT) is thought to be the mechanism underlying their cellular effects, including their ability to reduce macrophage cell viability and to inhibit osteoclast-mediated resorption. However, until now the possibility that at least some of the effects of these drugs may be mediated through other targets has not been excluded. Since RGGT is the most distal enzyme in the process of Rab prenylation, it has not proved possible to confirm the mechanism underlying the effects of these drugs by adding back downstream intermediates of the mevalonate pathway, the approach used to demonstrate that bisphosphonates act through this pathway. We now confirm that RGGT is the major pharmacological target of phosphonocarboxylates by using several alternative approaches. Firstly, analysis of several different phosphonocarboxylate drugs demonstrates a very good correlation between the ability of these drugs to inhibit RGGT with their ability to: (a) reduce macrophage cell viability; (b) induce apoptosis; and (c) induce vacuolation in rabbit osteoclasts. Secondly, we have found that cells from the gunmetal (gm/gm) mouse, which bear a homozygous mutation in RGGT that results in ~80% reduced activity of this enzyme compared to wild-type or heterozygous mice, are more sensitive to the effects of active phosphonocarboxylates (including reducing macrophage cell viability, inhibiting osteoclast formation and inhibiting fluid-phase endocytosis), confirming that these effects are mediated through inhibition of RGGT. In conclusion, these data demonstrate that all of the pharmacological effects of phosphonocarboxylates found thus far appear to be mediated through the specific inhibition of RGGT, highlighting the potential therapeutic value of this class of drugs.